The objective of this study is to summarize the current general evaluation process that stakeholders use to evaluate single or multiple medical devices to select the optimal medical device. This study constructed a novel evaluation framework to select the optimal medical device by overcoming the limitations of assessments that were previously confined to the medical device cycle and the purpose of the specific assessment. It also presents a general framework for incorporating usability evaluations into the frame to reflect the objectives and characteristics of key stakeholders in the medical device industry. In addition, the results of medical device evaluation are further analyzed using the analytical hierarchy process (AHP).
Introduction
The medical device industry is closely related to human life and public health. It is a field of the health industry whose importance is increasing alongside the technological developments in the 21st century. In addition, as the demand for high-quality medical devices rises and the development of advanced medical devices is accelerating due to technological developments, medical devices are being recognized as a high-value-added industry. With the advancement of the age of population of Korea, developing countries, and developed countries, the importance of medical device development and the medical device industry are also becoming more apparent [1] .
However, the multitude of perspectives throughout the medical device industry and among stakeholders is becoming a risk factor for the development of the medical device industry. Stakeholders are not evaluating the value of medical devices uniformly because they use different evaluation methods with different purposes and outcomes. In addition, different evaluation criteria may not only increase the period of entry of medical devices into the market but may also cause the objective evaluation and efficiency of medical devices to deteriorate, which may hinder industrial development.
Therefore, in order for the industry to continue to develop, it should accept and consider the variety of stakeholders' perspectives through an evaluation framework that evaluates medical devices objectively and comprehensively. Stakeholders in the medical device industry need to unify their views of each other's medical devices. To do so, it is necessary to develop an evaluation framework for selecting optimal medical devices that can be used objectively and universally. An evaluation framework that can be used universally can select medical devices that meet the objectives and characteristics of stakeholders according to the results of objective evaluation results and can improve the quality of medical care by improving the reliability and efficiency of the selection process. In addition, when selecting multiple medical devices, it would be possible to maximize the benefits to the stakeholders by providing the results of numerical comparisons.
The objectives of this study are as follows. First, in order to select the optimal medical device, stakeholders have outlined standardized methods of evaluating existing single or multiple medical devices. Second, the existing frameworks that have limited evaluation objectives were considered in the new universal framework to counter the difficulties of evaluating similar medical devices across the market. Third, usability evaluations that were previously limited to the users themselves were included in the new universal evaluation framework to add an element of objectivity.
First, we review the limitations of previous studies on medical device evaluations and the different stakeholders. We then review the literature on the theoretical basis of the evaluation system of medical device evaluation methods. Subsequently, a novel general framework for evaluating medical devices is presented with a specific indicator system. Next, the results of the survey are analyzed quantitatively according to the frames, analytical hierarchy process(AHP) is performed, and a comprehensive evaluation is presented. Finally, suggestions for medical devices based on the analysis results are presented.
Literature Review

Previous Evaluation Frameworks for Medical Devices
There are two main methods for evaluating medical devices. One is the evaluation of a single medical technology or device, and the other is to evaluate several medical technologies and devices simultaneously.
The methods of evaluating a medical device or technology can be classified according to the development period of the device. Which follows the model of the total product life cycle and is also used by the United State(US )food and drug administration to reflect the characteristics of medical devices [2] . However, as the experience of product testing and use accumulates, the stage of development of medical devices overlaps or iterates. After the product enters the market, product evaluations in the market and resulting improvements continue.
In the early stages of invention and prototyping and in the preclinical stage, technology valuation is conducted, and evaluation is carried out at the clinical stage and the regulatory decision stage. Although the evaluation of medical devices is done the Research and development(R&D) throughout this period, there is an opportunity to determine the development of a device and conduct clinical trials through the evaluation of technology value at the early stage of technology development. The evaluation of clinical trials at the regulatory decision stage involves the evaluation of new medicines and medical technology by the government as part of the evaluation carried out in the licensing process of medical devices.
Clinical trial evaluation is a system for reviewing efficacy and adverse reaction data and managing its availability to humans, while the food and drug administration. It is also responsible for the evaluation of medical technology through a system by which the Korea health and medical research institute evaluates medical technology [3] . Further economic evaluation has been performed by the health insurance review and assessment service for the determination of benefits. The results of the clinical trials and the evaluation at the regulatory decision stage are summarized in Table 1 , as safety and efficacy, clinical value, and economic value are evaluated individually for each evaluation method [4] . Although product evaluation is conducted after the product is released in the product lifecycle model, methods for comparing and evaluating multiple medical devices or medical technologies are used, rather than evaluating a single product. Evaluations are carried out to compare medical devices with their alternatives by companies and to compare similar medical devices for introduction in hospitals. The evaluation items and criteria are applied differently according to the hospitals where they are to be introduced, and the evaluation methods mainly used are summarized in Table 2 [5]. There are several methods for evaluating medical devices that meet the purposes and values of stakeholders, and the stakeholders that are the subject here are the government, hospitals, and businesses. From the standpoint of stability and effectiveness, the government evaluates devices in terms of efficiency and technology, and hospitals in terms of user aspect and economics. At first glance, it would appear that the evaluation of the medical device is performed to suit the characteristics of each stakeholder, but because each method considers only one viewpoint, it has the limitation that the whole value of the medical device cannot be considered.
Unlike the international trends of evidence-based medical technology evaluation, Korea's medical technology evaluation system supports economic evaluation [6] .
The evaluation of a medical device has different stages, each of which requires different information. Medical devices for hospitals need high quality information on clinical efficacy, especially for innovative medical devices, but there is no information on clinical data. In Europe, the Conformite Europeenne(CE) marking of the safety and performance of government devices is only available on the market based on a small number of clinical studies that are not methodologically accurate. This shows how difficult it is to share experiences in the field and to evaluate the medical device appropriately during the practical period for decisions [7] . Also, Kazanjian and Green [8] state that the manufacturers have had the usual limited point of view of the development process, because they are mainly focused on proof of concept technologies, which may result in a lack of information suited to the user's needs and on the economic aspects of the device, thereby affecting the evaluation of the device.
Comparative evaluation methods for the introduction of medical devices involve a variety of evaluations with different types of results reflecting different preferences, such as the type of institution, medical device, and area of introduction, which determine the details of the introduction. In this process, the evaluation of the medical device faces considerable uncertainty [9] . Rather than considering the priorities of different values, these methods require the ability to appropriately allocate the value of medical devices to various stakeholders, but each participant lacks the means to convey its values to the other stakeholders.
Kang et al. [5] report that, according to the improvement reports of medical device purchasing management systems of affiliated hospitals, the highest-priority selection criterion is user preferences in surveys on medical device selection but given that the priority evaluation items by users account for only 8%. It is unlikely that users will be able to introduce a satisfactory medical device under current standards. Usability evaluation is an engineering research methodology that identifies the problems and needed improvements of products by observing and analyzing actual users using actual products [10] . Therefore, it is a scientific method of evaluating a medical device based on the users and reflecting the users' preferences, which are an important factor in the introduction decision. However, it is difficult to perform usability testing to evaluate an existing medical device because the users find it difficult to apply the method to assess the direct use of the device due to expense or bulkiness. However, currently, usability testing is being introduced into various fields due to the need to better test the medical devices being applied in medical technology, or due to the creation of conditions favorable to usability testing by companies with laboratories with a view to demonstrating their medical devices. Therefore, the importance of usability evaluation will increase in future medical device evaluation.
These limitations can be summarized by saying that the evaluation of existing medical devices makes it difficult to introduce medical devices because clinical data and objective evaluation data about medical devices are not shared. In addition, comparative evaluations of medical devices with different purposes and perspectives make it difficult to compare superior medical devices because of their lack of objectivity, as well as introducing uncertainties about predictability and comparison effects when developing and investing in medical devices. The introduction of medical devices also lowers user preferences, making the selection of medical devices more difficult, and does not reflect the need for usability evaluation in the medical device industry.
Necessity of a New Evaluation Framework
Thus, because of the nature of the medical device industry, the means and purposes of evaluating medical devices differ by the time, purpose, systems, and variety of stakeholders, and so a generalized evaluation frame is needed to overcome the limits of stakeholders in introducing medical devices. Objective standards are needed to meet the objectives of various stakeholders and to maximize their mutual benefits while increasing efficiency in the distribution flow of medical devices. The medical device industry is growing quickly and is one of the most valuable industries in an aging society [11] .
Although the position of high-end medical devices is limited in domestic companies, low-end medical devices are steadily gaining ground in small and medium-sized enterprises (SMEs). In response to the domestication of these industries, the government actively supports SMEs and venture companies and also invests in the development of medical devices. If we can verify the excellence of domestic medical devices that can replace high-priced medical devices, the efficiency-oriented medical device industry market will be able to strengthen the position of domestic medical device companies. When considering evaluation frames from the viewpoint of various stakeholders, it is necessary to summarize the necessary aspects of evaluation from various perspectives in order to construct a universal evaluation framework. 1). Necessary aspects of an evaluation framework from the viewpoint of the hospital 1 Economic aspect: It is possible to create a medical devices by selecting multiple pieces from other cost-effective medical devices. 2 Competitiveness aspect: It is possible to improve the quality of medical services by selecting excellent medical devices and improving the reliability of the hospital, thereby enhancing the brand image of the hospital. 3 Business aspect: Effective medical device selection can reduce business costs. 4 Improvement of work efficiency: The respective departments can select the most necessary and effective medical device, thereby improving work efficiency and user satisfaction.
2). Necessary aspects of an evaluation framework from the viewpoint of the government 1 Economic aspect: The evaluation of medical devices through the evaluation framework can lower the investment risk of the government. 2 Competitiveness aspect: It can shorten the time of relevant processes by integrating various evaluations conducted by the ministries and reduce the indiscriminate introduction of medical device, thereby raising the competitiveness of the medical device industry. 3 Business aspect: By reducing rebates and unfair contracts of medical device business, it is possible to create a transparent medical device introduction market and induce technological competition to help the medical device industry develop. It can be used to support R&D commercialization, such as the development of new materials and design technologies, and the development of key parts and technology.
3). Necessary aspects of an evaluation framework from the viewpoint of the medical device companies 1 Economics: Reducing rebates and unfair transactions related to the introduction of medical devices can increase investment in medical device technology and development. 2 Business aspect: It is possible to raise the market competitiveness of domestic medical device makers and to lower the barriers to entry, and it is possible to utilize the evaluation results in the promotion of the relevant products.
Stakeholders seek a variety of benefits based on their own needs and interests, but in the end a single objective evaluation frame is needed. Although there have been systematic studies of individual evaluations in previous studies, there have been no studies of the evaluation of medical devices taking into consideration the variety of stakeholders.
However, there are various efforts to this end being made in the medical technology sector. The evaluation frame for the medical technology of recent US high-tech medical device industry association (advanced medical technology association) presents us the example of a health technology evaluation framework taking into account the various stakeholders that was constructed by Deloitte Consulting. They have launched a strategic value creation program in partnership with limited liability partnership (LLP) to develop principles and approaches to assess the value of medical technology that can be adopted by medical technology companies, healthcare systems, payers, and other stakeholders. There are eight principles of inclusiveness, evidence, cost, specificity, flexibility, participation, transparency, and relevance. These principles are used to assess the value of medical technology effectively and equitably. This can be a means to that end. This approach integrated into the evaluation process represents four categories of value creation factors:
The range of clinical efficacy and health outcomes associated with providing medical technology.
• Non-clinical patient impacts: Impacts of the patient (or caregiver) on the non-medical benefits: patient experience and patient economy Out-of-pocket cost (OOP cost).
• Care revenues and cost impacts: The impact of technology on revenues or costs on providers, payers, provider sponsored plans, etc., on bonuses or fines associated with care quality metrics and clinical trial studies and other operational efficiency resources.
• Public and population impacts: The impact of technology on large-scale and employer or public health systems [12] .
These four categories are intended to reflect the views of the various stakeholders, whose priorities may vary from organization to organization. The framework for comprehensive evaluation of medical technology, which is AdvaMed's approach, ensures that the appropriate analysis supports the valuation. Stakeholders are interested in evaluating the value of a particular medical technology and benefiting patients, providers, and others, taking into account the economic impact of the introduction and all related risks. AdvaMed believes that an effective appraisal process can result in such an analysis of the expected "value proposition" [12] . This approach of AdvaMed resembles the nature of this project. It provides a wide-ranging framework for evaluating the stakeholders' perspectives and satisfying stakeholders' value factors based on patient values. Therefore, in this study, to overcome the limitations of these previous studies, AdvaMed's evaluation framework is supplemented and revised to create a general evaluation model. In addition, we aim to develop objective indicators based on existing methodologies to overcome the barriers to the creation and activation of an objective and transparent medical device industry ecosystem through an evaluation frame that considers various stakeholders.
Development of A New Evaluation Framework
In this study, we will approach the evaluation framework from an ecological point of view, reflecting the characteristics of the medical device industry. The medical device industry has a complex structure of relationships among the industries. Here, the stakeholders that form the main axis in the medical device industry are designated government, hospital, and company. Ideally, in such an ecosystem, the government will establish the foundation of the industry through investment and support and the companies will generate technological development and management performance, while the hospitals will increase usability as well as management performance on this basis, and the performance is comparable in other industries and communities across cultures [13] .
The general model of AdvaMed is derived from the difference between medical technology and medical devices and from the issue of a suitable model for universal use. First, consideration should be given to stakeholders in the evaluation of medical devices. Given the definition of stakeholders above, the main stakeholders in the medical device industry can be thought of as governments, hospitals, and businesses.
The value factor for AdvaMed's comprehensive evaluation frame is included in the device evaluation frame as follows. The value factors of clinical effect include, through the impact of its effectiveness and reliability, the revenue impact of medical technology. The nonclinical effect is a value factor reflecting the patient's experience and benefit, while the user's introduction of the medical device is affected by the characteristics of the medical device; this can be classified as the user's position. Care revenues and cost impacts can be categorized as economic factors related to medical devices and treated as a value factor of the costs incurred during the entire medical technology cycle. Finally, the value factors related to public and population impacts are similar to the value factor considering the effects of medical devices obtained from the evaluation of stability and effectiveness that is part of the evaluations carried out by the government. By taking into consideration the characteristics of medical technology and medical devices, it is possible to construct an evaluation frame for medical devices having the same purpose and characteristics by comparing the values of the stakeholders with other aspects of the industry.
AdvaMed's evaluation frame takes into account the evidence for each evaluation method, which depends on the valuation of the technology. An evaluation method that conforms to the aforementioned principles is applied to various medical technologies. To evaluate medical devices, the clinical performance, technology, stability, and effectiveness of a medical device can be defined in a broader technological sense, and the usability, taking into account the influence on the user and the cost and cost effectiveness of the medical device, can be defined in terms of economic efficiency. Therefore, these major items must be taken into account on the basis of this concept when constructing an evaluation frame for medical device technology, affordability, and usability, and this must take into account the stakeholders and value factors in the medical device industry when performing an evaluation within the AdvaMed frame. The evaluation frame comprises a large medical device evaluation frame and an index selected based on certain attributes: the characteristics of safety and efficacy, functionality, economics, and usability according to the characteristics of each stakeholder. Classifying these individual evaluations according to their purposes, it is necessary to evaluate the performance and technology of medical device, as well as its usability.
The performance and technology of the medical device are obtained through evaluations of the technical documents and an examination of the medical device. The broad view obtained through these evaluations can be defined as the evaluation of the technology. In addition, a number of methods for evaluating the economic value of medical devices, such as cost, benefit, and utility, which essentially involve values rather than technological criteria, can be defined as economic evaluations. Finally, the usability evaluation includes the evaluations of users, which are not currently taken into account in the general evaluation of a medical device.
For the items that make up the larger framework of the evaluation, it is necessary to take into account the characteristics and value drivers of the category, while bearing in mind that evaluation must satisfy both parties to the medical device in a broad sense and include the evaluation methods common to current evaluations, namely the technological evaluation and economic evaluation of medical devices, and that the usability evaluation, which considers the user's perspective, was added to constitute a major item of the general evaluation framework.
In order to derive the sub-items and indicators of the evaluation framework outlined in the previous section, additional measures are needed. It is necessary to define an evaluation from the user's perspective that has not been used in general medical device evaluation, and evaluation within the evaluation frame is not limited to pass or conformity. It is important to be able to compare medical devices, and it is important to be able to easily evaluate medical devices without applying difficult methods of evaluation requiring complex analyses. Therefore, in order to achieve the goal of an evaluation framework for the final introduction of the optimal medical device, it is necessary to evaluate the specific results of detailed indicators. Therefore, we decided to construct indicators that can evaluate the activities unique to this project. In particular, the index for usability evaluation, which is not included in the general frame, and the index for technology evaluation, which is difficult to include in the general frame, have been added to constitute the characterization index. Such a configuration, by allowing the creation of a general model, requires complementary indicators when analyzing a particular case, while taking advantage of the fact that the current evaluation can be applied to improve the analysis of other cases in the future. The indicators that can be integrated into the evaluations for each item are classified as follows.
Methodology
Analytical Hierarchy Process Analysis Method and Survey Sample
Our research uses the analytical hierarchy process (AHP) method to derive the relative weights of importance of assessments by the stakeholders, cycle of medical devices, and factor. These studies are well documented in the studies of Kim et al. [13] [14] [15] and Lee et al. [16] .
The AHP, also referred to as stratified analysis, is the main method of the expert questionnaires developed by Saaty in the early 1970s. AHP is used to address the issue of selecting from competing priorities under conflicting criteria and incomplete information [17] . AHP classifies system components into different levels, which is an analytical approach that reflects the natural human thinking process of humans by grouping similar elements, which has the following advantages. First, it provides a way to set scales and priorities that can measure intangibles and enables the verification of the logical consistency of judgments used to determine priorities. In addition, it can analyze the sensitivity to changes of information, and it makes it possible to revise judgments and understanding through repetition. Finally, it does not seek to impose a unitary consensus, but allows the integration of representative results from various judgments and to select a method for weighting the evaluation indexes of the evaluation framework for the introduction of the optimal medical device [16] .
This questionnaire used the method of pairwise comparison in setting the weights. This is a method of comparing the relative importance differences between two selected characteristics, A and B, among all the various characteristics and collecting these pairwise comparisons to identify the differences between all the characteristics. The relative importance of each question-specific component is determined by comparing each component in terms of the relative impact of the features it contains (one-by-one comparison of each evaluation factor). The way to compare the two elements is to ask which of A and B is more important (serious) and compare their severity. Currently, the scale of the pairwise comparison used generally has a score between 1 and 9.
For the AHP analysis of the evaluation framework, 23 questionnaires were administered to experts in government, hospitals, academia, and companies. In order to prevent the concentration of experts by type of institution, five experts from government, five medical device experts from hospitals, five medical-device-related experts, and eight experts from medical device companies were selected as a wide range of experts representing all stakeholders. The questionnaire concerned the priorities of the evaluation indices of each evaluation framework on a 9-point scale. Therefore, we conducted research into four groups, (1) Group 1: government officials (5 people), (2) Group 2: hospital officials (5 people), (3) Group 3: Academia officials (5 people), (4) Group 4: company officials (5 people). Table 3 shows the statistics of the survey distribution, response rates for each group, and the results of consistency. The results of the questionnaire were obtained by using the expert choice program, and consistency ratios (CR) were determined for the questionnaires of the 23 experts to investigate the consistency of their responses. As a result of the survey, three questionnaires were identified that failed to maintain a consistency of response greater than 0.15. Therefore, the final result was derived from the opinion of 20 experts after excluding these three people.
AHP Framework
In order to derive detailed indicators of the evaluation frame, the following goals were established. The first goal is to identify and classify the evaluation indicators that reflect the characteristics of stakeholders from three perspectives. The second goal is to classify the indicators that can be used universally as major items, middle items, and minor items to form the evaluation framework. The third goal is to complete the general evaluation framework by weighting the evaluation indicators through the questionnaire.
Deriving Detailed Indicators of Technology Evaluation
Technological evaluation comprises technology performance analysis or clinical testing and the evaluation of the medical device, safety evaluation, and other tests. The analysis involves comparing the test results for competing technologies and products. It is an evaluation that gives opinions or ratings based on contents [18] . The technological evaluation is conducted to assess the optimal medical devices in order to obtain an indication for the Korea Food & Drug Administration (KFDA) medical device performance evaluation and the National Entertainment Collectibles Association(NECA) new medical device evaluation was obtained as a reference, and the medical device used to define the standard of performance and the electrical, mechanical, and selected chemical evaluations of the performance tests for similar devices or those generally available via international standard methods were included as indices of new devices. In the evaluation of medical technology, a usability evaluation for medical technology or medical device technology was selected as an index through a systematic literature review. The most common medical device in the country was subjected to two technological evaluation methods from a single list of technological evaluations to refine the range.
The evaluation of the performance of the medical device can be performed using the test items of the performance evaluation of medical devices that meet international and domestic standard specifications. This can be divided into technological performance and clinical performance, as the evaluation criteria are divided into indicators that show the accuracy and precision of the results of the performance test and clinical indicators that show the clinical test results of the medical device [19] . The detailed indicators to be evaluated include accuracy, precision, correlation, analytical sensitivity, analytic specificity, clinical sensitivity, and clinical specificity. The evaluation of usability is an evaluation of whether the technology of the medical device is safe and valid for use, which is consistent with the purpose of the government evaluation, and it can be divided into safety and efficacy [20] . The results of these analyses are used to evaluate the accuracy and effectiveness of the device.
Deriving Detailed Indicators of Economic Evaluation
The evaluation of economic efficiency can be divided into two methods. One is to compare the direct cost of the medical device with the efficiency of the cost, and the other is to evaluate the competitiveness of the medical device. An economic evaluation is an evaluation method that simultaneously analyzes cost (input) and result (output). In other words, if the same money spent on one alternative is more effective and entails lower costs to obtain a given result or effect, this allows us to determine its economic value, and thereby determine the priority given to introducing the device into use. Economic evaluations may entail applying a variety of evaluations. According to Ahn [6] , many medical technology evaluation agencies recommend cost effectiveness analysis as a comprehensive economic evaluation analysis method for a standard rather than including a cost effectiveness analysis in the economic evaluation of medical technology. However, rather than comparing the final value in the cost-benefit analysis, the evaluation for the decision to introduce a medical device involves a more detailed evaluation of cost-effectiveness than just comparing the final value in accordance with the stakeholder's priorities. In addition, in order to increase the objectivity of the presented cash value based on a cost-benefit analysis, the price of the actual medical device is evaluated through reverse price analysis and the cost value is converted into the monetary value by the cost-benefit analysis to increase the objectivity.
According to the medical device industry analysis report [21] , the characteristics of the medical device market are as follows. The medical device market is characterized by limited demand. Medical devices are a major demand for hospitals with expertise in medical diagnosis and treatment. Also, since it is related to health, the safety and reliability of the product are given priority. Therefore, market buyers tend to be conservative and continue to use famous products, so the market has relatively high entry barriers and low price elasticity. Product awareness and brand power are very important indicators, and marketing sensitivity and barriers are relatively low due to high marketing barriers and loyalty. The competitiveness in the market is a matter that should be treated as important from the standpoint of a company or a hospital. Therefore, the competitiveness of medical device makers, vendors, and medical devices themselves can be divided into domestic and overseas levels, so that economic evaluation can be defined and utilized while taking a broad, objective view.
Deriving Detailed Indicators of Usability Evaluation
Usability evaluation evaluates whether the device has a function that is suitable for the purposes of the user through a user interface that allows the user to easily and conveniently manipulate the complex functions of the product and dictionary definition [22] . Usability evaluation is an evaluation carried out using a mobile application or a product that is in close contact with a user. It is an evaluation method that observes and analyzes actual users' patterns and reasons for use according to the process of use, and collects the opinions of the users, making it possible to reflect the comprehensive opinions of the hospitals that use medical devices. Usability evaluation has several characteristics. According to ISO, the international organization for standardization, usability evaluation is defined as "validity within a specific use situation (ability to complete a task), efficiency (effort to perform a task), satisfaction (have experience satisfaction)" [23] , the degree to which a product may be used to attain a certain goal by a certain user to have meaning. Usability expert Steve Krug's evaluation of usability evaluation is to judge it based one seven features. "Useful: Can people do what they need? Learnable: Can you tell yourself how to use it? Memorable: Should you learn how to use it again?, Effective: Have you achieved what you want with your product?, Efficient: Time and effort, Desirable: Do people want products?, Delightful: Are they good to use?" [23] . In the process of developing or introducing medical devices, the answer to this question can only be made by the actual user in line with the need for a given medical device.
There are limitations in applying various attributes of usability evaluation and its principles to medical device evaluation as-is. The usability evaluation methods differ depending on the evaluation target or the user. It may be categorized as an analytical method that involves an empirical examination that is often highly sensitive, and usability testing depends on the pros and cons of the device in the user's situation, so the evaluation depends on how the usability evaluation method is to be used to select a device [22] . Thus, in a usability evaluation, the indicators should be selected after considering the properties to be evaluated, only after which the evaluation should proceed. Therefore, the evaluation should be structured, taking into account the characteristics of the medical device and the future directions of the medical device industry. The purpose of this study is to evaluate medical devices of medical device classes 2-4.
In usability testing, an actual user interacts with one or more medical device models, prototypes, and production units to assess their ease of use, efficiency, and user appeal. Usability tests can be performed in laboratory settings, simulated environments, or actual intended use environments. Usability testing can, among other things, detect usage errors when performed locally [24] .
According to the association for the advancement of medical instrumentation [25] , the general principles of fitness for use require the development of a compatible design for evaluating the suitability of a medical device for use, and optimization of the user interface for stability and efficiency is required. If the compatibility of the medical device is poor, it will make it difficult to learn how to use the device, inducing usage errors. Therefore, instead of a partially reflective interface, a design for compatibility must be undertaken, reflecting possible developments of effective medical devices, and for medical device usability, problems that occur during use require the application of the international standards of International Electrotechnical Commission (IEC) 62366 to understand and resolve them, and risk management is essential to this task [22] .
In summary, measures of ease of learning, ease of use, efficiency, compatibility, and stability should be included in the evaluation of the usability of medical devices. The usability evaluation of medical devices can be divided into efficiency and compatibility depending on the nature of each indicator, in light of the items presented above. Again, efficiency can be divided into efficiency and ease of use to construct an index of efficiency. Compatibility can be achieved by evaluating the compatibility and stability of use environment as an evaluation index.
The evaluation framework of the medical device that is the basis of this study is constructed to include the attributes and characteristics belonging to the medical devices in the general evaluation framework widely used for medical devices as well as medical technologies. Thus, they can be used in each step and for any purpose. The above is summarized and shown in Table 4 . 
Results
As seen in Table 5 , the priorities of the evaluation indicators are different according to each stakeholder. Stakeholders are highly aware of the importance of each evaluation based on their perspectives. The fact that the evaluation framework of this study, which is based on the framework for medical technologies, has different priorities for different indicators shows that the indicators are configured in a balanced manner according to the viewpoint of the respective stakeholder. In addition, the timing of the evaluation of the stakeholders in accordance with the distribution flow of medical devices, whether in the initial stages or after the introduction of other medical devices in the evaluation, causes the method of evaluation of medical devices to differ from the method of evaluation used in prior cycles. AHP analysis of the weights gives highly variable results depending on the perspective and position of each of the stakeholders, whereas the general evaluation framework presented in this study showed each indicator to be balanced with uniform deviations. In Table 6 , we see that the importance of each indicator was ordered differently, and the priorities of the indicators differed. First, opinions from the Tier 2 evaluation showed that governments, hospitals, academia, and companies all have different priorities. This was known from the early studies, which identified that this mainly occurs from the use of different evaluations, and because each stakeholder differs due to their respective needs and the details of the distribution stages of different medical devices. Because of the importance of the effectiveness, safety, and performance of medical devices, the priority of government officials designated by the questionnaire for these indices is high, and the major property of economic efficiency is cost-effectiveness, which has a high priority in academia, government, and hospitals. Usability was found to be highly significant for hospitals and companies using actual medical devices. Government officials ranked the indices in order of usability, competitiveness, and efficiency; hospitals ranked in order of efficiency, cost, and compatibility; the academic sector ranked in order of competitiveness, cost, and efficiency; and company experts ranked in order of efficiency, competitiveness, and usability. The evaluations on Tier 2 can be thought of as reflecting the difference in governments and companies in the importance they give to the evaluation indices, while hospitals and academia differed in their respective priorities of technology and economic feasibility and usability, while academics tended to prioritize economic performance indices over other indicators.
The indicators with the highest priority are stability for the government, ease of use for hospitals, cost efficiency for academia, and use efficiency for companies. Although the hospitals and companies were similar in terms of the number of items, there was a difference in prioritization among the sub-indices, and the government had a higher weight on the stability index, but the other index-weighted values were relatively high. There does not appear to be a tendency to look at many indicators in a balanced way among hospitals; four availability indicators had higher-weighted equivalent values for ease of use, which showed even higher deviations. As this concerns medical devices, the ease of use and efficiency are important. In academia, a higher priority for cost-effectiveness indicators was shown. As with hospitals, their weighted conversion values also showed large deviations from the other indicators and demonstrated a high priority for economic indicators, unlike those of other stakeholders. When we compare the weighted conversion value of the priority indicators, it found that the industry prizes a variety of indicators, such as efficiency index, domestic competitiveness, and clinical performance.
Therefore, it can be said that the narrow framework for each stakeholder has been taken into account in the evaluation framework from the perspective of all the stakeholders, as well as throughout the entire life cycle of the medical device as shown in Figure 1 . Through this evaluation frame, the government can include the usability characteristics of the medical device; hospitals can obtain information about the technological characteristics of the medical device and review the economic indicators; and companies can concentrate on selecting medical devices based on the development of the product and analyzing their technological characteristics. evaluations, and because each stakeholder differs due to their respective needs and the details of the distribution stages of different medical devices. Because of the importance of the effectiveness, safety, and performance of medical devices, the priority of government officials designated by the questionnaire for these indices is high, and the major property of economic efficiency is costeffectiveness, which has a high priority in academia, government, and hospitals. Usability was found to be highly significant for hospitals and companies using actual medical devices. Government officials ranked the indices in order of usability, competitiveness, and efficiency; hospitals ranked in order of efficiency, cost, and compatibility; the academic sector ranked in order of competitiveness, cost, and efficiency; and company experts ranked in order of efficiency, competitiveness, and usability. The evaluations on Tier 2 can be thought of as reflecting the difference in governments and companies in the importance they give to the evaluation indices, while hospitals and academia differed in their respective priorities of technology and economic feasibility and usability, while academics tended to prioritize economic performance indices over other indicators.
The indicators with the highest priority are stability for the government, ease of use for hospitals, cost efficiency for academia, and use efficiency for companies. Although the hospitals and companies were similar in terms of the number of items, there was a difference in prioritization among the sub-indices, and the government had a higher weight on the stability index, but the other index-weighted values were relatively high. There does not appear to be a tendency to look at many indicators in a balanced way among hospitals; four availability indicators had higherweighted equivalent values for ease of use, which showed even higher deviations. As this concerns medical devices, the ease of use and efficiency are important. In academia, a higher priority for costeffectiveness indicators was shown. As with hospitals, their weighted conversion values also showed large deviations from the other indicators and demonstrated a high priority for economic indicators, unlike those of other stakeholders. When we compare the weighted conversion value of the priority indicators, it found that the industry prizes a variety of indicators, such as efficiency index, domestic competitiveness, and clinical performance.
Therefore, it can be said that the narrow framework for each stakeholder has been taken into account in the evaluation framework from the perspective of all the stakeholders, as well as throughout the entire life cycle of the medical device as shown in figure 1. Through this evaluation frame, the government can include the usability characteristics of the medical device; hospitals can obtain information about the technological characteristics of the medical device and review the economic indicators; and companies can concentrate on selecting medical devices based on the development of the product and analyzing their technological characteristics. The AHP analysis of each stakeholder's evaluation index was able to determine the priorities of opposing criteria and multiple alternatives. It does not assert a conclusion but suggests a general framework by analyzing representative evaluations of various indicators. When using evaluation frames for each stakeholder, it weighs more highly the indicators, reflecting the characteristics of each stakeholder.
Conclusions and Discussion
The future development of the medical device industry is promising, but it is imperfect due to the competing natures of various industries. The presence of different perspectives and values pursued by various stakeholders when selecting medical devices can pose a major difficulty to the medical device industry because it can cause deviations to a single outcome.
Therefore, it is necessary to factor in the viewpoints of stakeholders and evaluate their values properly through an evaluation framework that assesses medical devices objectively and comprehensively.
The results of the AHP analysis of the representative evaluation methods presented in the evaluation framework showed that the importance of many indicators was rated differently by each stakeholder. The higher weights that were given to certain indicators by different stakeholders show that the evaluation framework takes various stakeholders' perspectives into account. In general, the deviation of the weight value of the proposed evaluation indicators is constant across indicator categories. Additionally, a particular frame can be constructed to suit the specific viewpoint of each stakeholder in the AHP analysis of the characteristics of each specialized indicator.
The AHP analysis of each stakeholder's evaluation index was able to analyze the conflicting criteria and priorities. It does not assert a conclusion, but instead suggests a general framework through an analysis of stakeholder representatives' evaluations of various evaluation indicators. When using the evaluation frame for each stakeholder, the weight value reflecting the characteristics of that stakeholder may be used for the indicators
The values of the weights from the AHP analysis can be given numerically as a representative set of evaluation priorities that are applicable to the evaluation of medical devices. In this way, not only can a comparison of different medical devices be conducted, but the superiority of a single medical device can be confirmed (by a higher-weighted number). By including usability evaluations that were not included in the general evaluation framework for medical devices, we were able to broaden the evaluation base of medical devices and balance the evaluations conducted by different stakeholders. Considering that the usability evaluation showed a high priority in the survey results, we think that usability evaluation will become an important factor in future general medical device evaluation frames.
The AHP analysis showed that the weights vary widely depending on the viewpoint and position of each stakeholder. However, a uniform deviation was found in the indicators from the general evaluation framework presented in this study. Therefore, it can be said that the narrow framework of each stakeholder has been factored into this evaluation framework, which may be suited to the particular perspective of each of the stakeholders, as well as being applicable throughout the entire life cycle of the medical device. Through this evaluation frame, the government can include the usability characteristics of the medical device, while hospitals can obtain information on the technological characteristics of the device and review its economic aspects, and companies can select and concentrate on the development of the product and analyze the technology.
By objectively evaluating medical devices from various points of view, the government can contribute to investments, as well as industrial development, by providing objective data on numerous factors, including economic efficiency, usability, safety, and effectiveness of medical devices. Hospitals can obtain information about medical devices and evaluate their usability, thereby enhancing the reliability of medical device selection. This can raise the efficiency of medical device introduction, improve the quality of medical care, and maintain the industrial ecosystem of the users. Since the company has access to a framework that allows stakeholders' interests to be considered from the initial stage of development to the introduction of medical devices, it can unify the consideration of a diversity of aspects currently not treated together and thereby maximize profits. By understanding the stakeholders who are most focused on the evaluation framework for selecting optimal medical devices and studying methods to evaluate medical devices that take these perspectives into consideration, we hope to spread a better understanding of the different ways of assessing the value of medical devices that will result in a more objective and transparent evaluation of medical devices, which will provide a good basis for the development of the medical device industry ecosystem.
Scope and Limitation of Research
The AHP analysis method used in this study has a limitation, as it required the sincere response of the respondent, and it is difficult to consistently respond to more than a certain number of items. The number of subjects that could be analyzed by expert choice software, which is the AHP decision-making program used in this study, was limited to 25 respondents, which implies that the maximum number of subjects that can be analyzed is 25 people. If more answers are received from the survey respondents in future studies, it is assumed that better results will be obtained.
Topics for Further Research
Previous studies conducted by Kim et al., [13] [14] [15] and Lee. J. et al., [29] [30] [31] and Lee. M. et al., [32] [33] [34] and Yoon et al., [35] presented frameworks which were developed into quantitative analyses, and the evaluation frame of this paper can be developed into a digitized evaluation study of medical devices through quantitative analysis in the future.
